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Abstract 

Background: To determine the prevalence of periapical lesions in root canal-treated teeth in a rural, male adult, 
Turkish population and to investigate the influence of the quality of root canal fillings on prevalence of periapical 
lesions. 

Methods: The sample for this cross-sectional study consisted of 552 adult male patients, 18-32 years of age, 
presenting consecutively as new patients seeking routine dental care at the Dental Sciences of Gulhane Military 
Medicine, Ankara. The radiographs of the 1014 root canal-treated teeth were evaluated. The teeth were grouped 
according to the radiographic quality of the root canal filling and the coronal restoration. The criteria used for the 
examination were slightly modified from those described by De Moor. Periapical status was assessed by the 
Periapical Index scores (PAI) proposed by Orstavik. 

Results: The overall success rate of root canal treatment was 32.1%. The success rates of adequately root canal 
treatment were significantly higher than inadequately root canal treatment, regardless of the quality or presence of 
the coronal restoration (P < .001). In addition, the success rate of inadequate root canal treatment was also 
significantly affected by the quality of coronal restorations. 

Conclusions: Our results revealed a high prevalence of periapical lesions in root canal treatment, which is 
comparable to that reported in other methodologically compatible studies from diverse geographical locations. In 
addition, the results from the present study confirm the findings of other studies that found the quality of the root 
canal treatment to be a key factor for prognosis with or without adequate coronal restoration. 
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Background 

There are plenty of longitudinal studies investigating the 
outcome of root canal treatment performed in educa- 
tional hospitals (e.g., dental faculties), which have 
demonstrated that the reality for the overall population 
might be somewhat different, with only 35%-96% of the 
root canal treated teeth exhibiting no disease[l-5]. How- 
ever, for the most part, epidemiological studies 
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evaluating the outcomes of root canal treatments per- 
formed by general practitioners show much lower suc- 
cess rates. Frequencies of periapical lesions in root canal 
treatment have been reported in Belgium (40%), Den- 
mark (52%) Lithuania (39%), Canada (44% and 51%), 
Germany (61%), Scotland (51%), Spain (64.5%), and The 
United States (39%) [6-9]. This discrepancy in success 
rates may reflect a difference in the quality of the root 
canal treatment performed despite improvements in 
instruments and materials and advances in the under- 
standing of the disease process. 

In cross-sectional studies, there is a consistent associa- 
tion between periapical radiolucency and inadequate 
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root fillings [10,11]. Ray&Trope[12] reported that the 
quality of the coronal restoration had a greater impact 
on the periapical status of root canal treated teeth. In 
contrast to the findings of Ray&Trope[12], other studies 
have revealed that adequate root canal treatment had a 
greater influence than coronal restoration. Tronstad et 
al.[ll] showed that the quality of a well-sealed coronal 
restoration only significantly influenced the outcome 
when combined with adequate endodontic treatment. 
The high rates of success reported in these studies were 
obtained with well-trained practitioners under strict 
operating condition that may not reflect the situation 
found within the average dental clinic [13]. 

Such studies demonstrate the potential outcome of 
root canal treatment rather than its realistic outcome in 
general practice [14]. 

In Turkey, 25% of the national population lives in a 
rural area. This study is the first to determine the preva- 
lence of periapical lesions in root canal-treated teeth in 
a rural, adult, Turkish population and to investigate the 
influence of the quality of root canal fillings and coronal 
restorations on prevalence of periapical lesions. 

Methods 

The sample for this cross-sectional study consisted of 
552 adult male patients, 18-32 years of age, presenting 
consecutively as new patients seeking routine dental 
care at the Dental Sciences of Gulhane Military Medi- 
cine, Ankara. All these individuals were army recruits, 
who lived in different rural regions of Turkey. Any 
patient who lived in a city of Turkey was excluded from 
the study. An area with less than 10,000 inhabitants was 
classified as towns and villages (rural); and a population 
of more than 10,000 defined a location as a city. 
Another part of the inclusion criteria was that the 
patient had to be visiting the clinic for the first time. 

To be enrolled in the study, the patient's chart had to 
contain a panoramic radiograph with supplemental peri- 
apical radiographs. Periapical radiographs were only 
used when panoramic radiographs showed poor image 
quality particularly in the upper and lower anterior 
region. All periapical radiographs were taken using the 
paralleling technique. All radiographs were taken and 
processed at the same radiology center in 2008. The 
Bluex Pantos 16 XP (Assago, Italy) panoramic roentgen 
unit and Trophy Trex X-ray (Croissy, Beaubourg, 
France) periapical radiography unit were used to take 
radiographs. 

This study was based on retrospectively evaluation of 
radiographs. Thus, no ethical approval was obtained 
from the local ethical committee since only the achieve 
data were used for the study. However, before taking 
any radiograph or intra/extra-oral examination, patients 
gave their informed consent prior to radiography and 



examinations according to the principles of the Helsinki 
Declaration, including all amendments and revisions. 
Collected data was only accessible to the researchers. 
Moreover, all examiners in the study only examined the 
radiographs and were blinded to any other patient data 
in the radiographic examination procedure. 

In total, the radiographs of 1014 root-filled teeth were 
evaluated. The teeth were grouped according to the 
radiographic quality of the root canal filling and the cor- 
onal restoration. The criteria used for the examination 
were slightly modified from those described by De Moor 
et al. [9] as follows: 

Quality of root filling 

Adequate: All canals were obturated. There were no 
voids present. The end of the root canal fillings was 0-2 
mm short of the radiographic apex. 

Inadequate: The end of the root canal fillings were 
more than 2 mm short of the radiographic apex or 
grossly overfilled. Root canal fillings had voids, inade- 
quate density, unfilled canals, and/or were poor 
condensation. 

Coronal restoration 

Adequate: Intact restoration with good margin adapta- 
tion and no signs of recurrent caries 

Inadequate Restoration with overhangs, open margins, 
recurrent caries; or no restoration at all. 

Periapical status 

Apical status was assessed by the Periapical Index (PAI) 
proposed by 0rstavik et al.[15] who scored the apical 
area of the radiographic images as follows: 

1. Normal periapical structures 

2. Small changes in bone structure 

3. Changes in the bone structure with little mineral 
loss 

4. Periodontitis with a well-defined radiolucent area 

5. Severe periodontitis with exacerbating features 

A score of PAI 1 was defined as a healthy periapical 
region, indicating a normal width of the permanent liga- 
ment space and normal appearance of the surrounding 
bone. All other PAI scores were evaluated as apical peri- 
odontitis. All radiographs were evaluated independently 
by an endodontic consultant and a dental radiologist 
who both had over 10 years of clinical experience. Both 
examiners were calibrated. As a part of the calibration 
phase, study methodology was explained to the exami- 
ners. To minimize discrepant results they also familiar- 
ized themselves with the scores they should attribute to 
the radiographic images and the established evaluation 
method for the study. Two hundred teeth were assessed 
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to calibrate the 2 examiners, and inter-examiner agree- 
ment was detected by Cohen's kappa (kappa = 0.86). 
The radiographs were observed using an x-ray viewer 
with 2 times magnification. To get optimal image qual- 
ity, the room was darkened to control the surrounding 
light for the best radiographic contrast. When disagree- 
ment occurred, a third observer, a dental radiologist 
with 15 years of clinical experience, asked to make a 
decision. 

SPSS software was used for statistical analysis (SPSS 
Inc., Chicago, IL). Differences between the groups were 
examined using the chi-square test. The significance 
level was established at 5%. 



Table 2 An overview of the relationship between the 
quality of root filling, coronal restorations and periapical 
status (n = 1014) 

healthy apical periodontitis total 
(pai 1) (pai 2-5) 



coronal restoration 

adequate 

inadequate 

total 

root filling 
adequate 
inadequate 
total 



183 (59%) 
143 (20.3%) 
326 (32.1%) 

254 (59.8%) 
72 (12.2%) 
326 (32.1%) 



127 (41%) 
561(79.7%) 
688 (67.9%) 

171(40.2%) 
517 (87.8%) 
688 (67.9%) 



310 (30.6%) 
704 (69.4%) 
1014 

425 (41.9%) 
589 (58.1%) 
1014 



Results 

Of the 1014 root canal treatment investigated in this 
study from 552 male patients, maxillary central incisors 
were the most frequently treated teeth, followed by 
mandibular premolars, maxillary lateral incisors, and 
maxillary premolars (Table 1). Mandibular incisors were 
the teeth with the lowest frequency of endodontic 
treatment. 

On the basis of the PAI scoring system, 326 (32.1%) 
teeth were classified as healthy and 688 (67.9%) teeth as 
apical periodontitis. The root canal filling was rated as 
adequate in 425 teeth (41.9%). In this group, the success 
rate was 59.8%. The group with inadequate root canal 
treatment corresponded to 58.1% of the examined cases 
and had a success rate of 12.2% (Table 2). In general, 
the success rates of adequately root canal treatment 
were significantly higher than inadequately root canal- 
treatment, regardless of the quality or presence of the 
coronal restoration (P < .001). 

For the 310 (30.6%) teeth with adequate coronal 
restorations, the success rate was 59%. The group with 
inadequate restorations consisted of 704 teeth (69.4%), 
and the success rate in this group was 20.3%. The differ- 
ence between the 2 groups was statistically significant P 
< .001). 

The healthy rate was 76.2% (231/303) for cases with 
adequate root canal treatment and adequate restora- 
tions. In cases of adequate root canal treatment and 
inadequate restoration, the success rate was 45% (55/ 

Table 1 The distribution of ROOT-FILLED treated teeth 
according to the type of tooth (n = 1014) 



Tooth Maxillary Mandibular 

Central incisor 225 20 

Lateral incisor 162 24 

Canine 123 31 

Premolar 140 192 

Molar 42 55 

Total 692 332 



122) (Table 3). The difference between the 2 groups was 
statistically significant, indicating that the outcome of 
adequately treated root canals was affected by the qual- 
ity of the coronal restoration (P = .04). 

Teeth with inadequate treatment and adequate 
restoration showed a success rate of 10.8% (25/231). 
Teeth with inadequate treatment and inadequate 
restoration yielded the lowest healthy rate of this study, 
i.e., 3.7% (15/358). Statistical analysis revealed that the 
healthy rate of inadequate root canal treatment was also 
significantly affected by the quality of coronal restora- 
tions. When compared to teeth with inadequate root 
canal treatment and adequate restoration, the difference 
was statistically significant (P = .02). 

Discussion 

This study is a cross-sectional study. The main disad- 
vantages of a cross-sectional study are that the data ana- 
lyzed are restricted to the information available and 
thereby vulnerable to biases of interpretation [16]. For 
instance, radiographs were examined at a given point in 
time, and it was impossible to determine whether a peri- 
apical lesion was healing or not. On the other hand, 
misinterpretations and misdiagnoses in cross-sectional 
studies are known to be fairly equally distributed, so the 
results are still meaningful [17]. Additionally, a large 
sample size and random selection are the most impor- 
tant advantages of this method. 

In intraoral radiography, the 3-dimensional object is 
compressed into a 2-dimensional image from which the 

Table 3 The periapical status for combinations of 

different qualities of coronal restoration and root canal 
fillings (n = 1014) 

coronal restoration root filling n healthy (pai 1 ) % 

adequate adequate 303 231 76.2 

inadequate adequate 122 55 45.0 

adequate inadequate 231 25 10.8 

inadequate inadequate 358 15 3.7 



Giindiiz et al. BMC Oral Health 201 1, 11:20 
http://www.biomedcentral.eom/1 472-6831/1 1 /20 



Page 4 of 6 



observer has to mentally recreate the 3 dimensions [18]. 
This can be difficult even when more than a single 
radiograph is used. The use of more than 1 radiograph 
is of course inestimable when there is a need to display 
the roots of a tooth with as little superimposition onto 
each other as possible and when root fractures are sus- 
pected [18]. Best possible periapical radiographs are 
obtained when the paralleling technique is used [19]. 
This is, however, not always possible, e.g., in the upper 
molar regions where, owing to anatomic conditions, 
there is the greatest need for 3-dimensional information. 
Therefore, periapical intraoral radiographs may be quite 
sufficient in many areas and less so in others, depending 
on the diagnostic problems and the anatomic conditions 
[18]. 

Another limitation of this and other studies with a 
similar methodology is the fact that radiographic eva- 
luation without clinical data does not always provide 
reliable information. For example, leaky occlusal mar- 
gins and cracks in restorations could not be observed 
in radiographs. Likewise, apical periodontitis lesions 
limited to the cancellous bone might pass unnoticed in 
a radiographic examination [20]. Moreover, the micro- 
biologic conditions of the root canal system, which 
influence the treatment outcome, cannot be inferred 
on the basis of the radiographic examination [21]. The 
accuracy of panoramic radiographs in the detection of 
apical periodontitis has been also questioned although 
Ahlqwist et al [22] supported their use in epidemiolo- 
gical studies. This was also supported by Muhammed 
and Manson-Hing [23] who showed no statistically sig- 
nificant difference between the panoramic and periapi- 
cal surveys in the detection of periapical changes. 
However, they also suggested that a complete radio- 
graphic examination should include periapical, panora- 
mic and bite-wing radiographs. In this study, periapical 
radiographs were only used when panoramic radio- 
graphs with poor image quality particularly in the 
upper and lower anterior region. In addition, only 
teeth scored as PAI 1 were accepted as healthy. 
Further studies with more sensitive techniques, such as 
cone beam computed tomography, have the potential 
to minimize this limitation. 

This study of Turkish patients living in rural areas has 
similar results for the prevalence of periapical lesions to 
that of other epidemiological studies in Turkey and 
other countries [6,8-10,12,24-32]. In relation to these 
results, it is evident that a need for betterment of the 
quality of root canal treatment in general dental prac- 
tice. In fact, these studies have been performed on peo- 
ple who live in cities and have high incomes and more 
treatment opportunities. Studies from controlled envir- 
onments are usually carried out by specialists or super- 
vised operators and reveal the potential outcome of root 



canal treatment rather than its realistic outcome in the 
general population. In Turkey, almost 17.1 million peo- 
ple are living in rural areas. Prevalence of perapical 
lesions in root-filled teeth in Turkey are conducted on 
people who live in cities and obtain medical treatment 
in private and public university hospitals [30,32] This 
research is the first in terms of targeting a population 
from a rural area. Kayahan et al. [32], an example of a 
study done in Turkey, detected 1268 teeth that received 
root canal treatment among 280 patients. In 754 (59.5%) 
of these teeth, there were no pathological findings. In 
another study by different researchers, the panoramic 
radiographs of 375 patients were investigated, and root 
canal treatment was applied to 449 teeth [30]. In 209 
(46.5%) teeth, there were no pathological findings. In 
our study, 688 (67.9%) of 1014 teeth underwent root 
canal treatment, and apical periodontitis was detected. 
The income and treatment opportunities for patients, 
especially those living in rural areas of Turkey, are lim- 
ited. Perhaps this explains the high apical periodontitis 
rate found in our study. 

Consequently, it was found that the prognosis of 
inadequate root canal treatment was not affected by cor- 
onal restoration. When root canal treatment was inade- 
quate, there was only a 7.4% difference between the 
inadequate and adequate crown restoration groups. This 
shows that the quality of the root canal treatment is the 
most important factor affecting the health of peri-radi- 
cular tissues. 

The results from the present study confirm the find- 
ings of other studies that found the quality of the root 
canal treatment to be a key factor for prognosis with or 
without adequate coronal restoration. Siqueira et al.[10] 
reported that if the root canal filling was inadequate, it 
did not matter whether the coronal restoration was ade- 
quate, inadequate, or absent; the tooth would still have 
a poor prognosis when compared to an adequately filled 
tooth. Tronstad et al.[ll] suggested that a correlation 
exists between the quality of the restoration and peri- 
radicular health but concluded that the quality of the 
restoration was significantly less important than the 
quality of the root canal filling. Additionally, Kayahan et 
al.[32] reported that, in an urban Turkish subpopulation, 
healthy periapex rates were significantly higher in teeth 
with good root canal filling regardless of the type of 
restoration. 

In the literature, there are different studies that dis- 
cuss the quality of root canal treatment and the effects 
of coronal restorations on peri-radicular tissues. More- 
over, they have different results. 

Kirkevang et al.[25] stated that the combination of 
inadequate root canal treatment and inadequate coronal 
restoration was associated with an increased incidence 
of apical periodontitis. This result was also supported by 
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Hommez et al.[33] who demonstrated that an adequate 
coronal restoration and adequate root canal treatment 
were both important to the overall success of the root 
canal treatment. Ray and Trope [12] suggested that the 
quality of the restoration had a greater impact on peria- 
pical health than the quality of the root canal filling. 
Tavares et al.[16] reported that higher success rates for 
teeth with adequate or inadequate root canal treatment 
were always observed in teeth with adequate coronal 
restorations. Ricucci et al.[34] reported that exposure of 
root fillings to the oral microbiota was not significantly 
correlated with peri-radicular status. In our study, when 
a coronal restoration was inadequate, the success rate of 
adequately treated canals was reduced. Laboratory stu- 
dies have suggested that the direct exposure of a root 
canal filling to microorganisms and their products may 
facilitate reinfection of the root canal system in a rela- 
tively short time [35-37]. 

Conclusions 

Our results revealed a high prevalence of periapical 
lesions in root canal treatment teeth. The results from 
the present study confirm the findings of other studies 
that found the quality of the root canal treatment to be 
a key factor for prognosis with or without adequate cor- 
onal restoration. 

Acknowledgements 

We would like to thank to Dr. Tuncer OZEN, professor and chairman of the 
department of Oral, Teeth and Jaw Radiology, Gulhane Military Medical 
Academy, Ankara, TURKEY, for the great help they rendered to us during the 
process of data collection. 

Author details 

'Department of Oral, Teeth and Jaw Radiology, Faculty of Dentistry, 
Ondokuz Mayis University, Samsun, Turkey, department of Oral, Teeth and 
Jaw Radiology, Gulhane Military Medical Academy, Ankara, Turkey, 
department of Oral, Teeth and Jaw Radiology, Faculty of Dentistry, Ankara 
University, Turkey, department of Endodontics, Gulhane Military Medical 
Academy, Ankara, Turkey. 

Authors' contributions 

KG and HA made substantial contributions to the conception and design of 
this study, participated in data collection, statistical analysis and 
interpretation of results, drafted and revised the final manuscript, and read 
and approved the final manuscript. KO and KD participated in the design 
and data analysis. All authors read and approved the final manuscript 

Competing interests 

The authors declare that they have no competing interests. 

Received: 8 November 2010 Accepted: 20 June 201 1 
Published: 20 June 2011 

References 

1 . Strindberg LZ: The dependence of the results of pulp therapy on certain 
factors. Acta Odont Scand 1956, 14:1-175. 

2. Sjogren U, Hagglund B, Sundqvist G, Wing K: Factors affecting the long- 
term results of endodontic treatment. J Endod 1990, 16:498-504. 

3. Kerekes K, Tronstad L: Long-term results of endodontic treatment 
performed with a standardized technique. J Endod 1979, 5:83-90. 



4. Sjogren U, Figdor D, Persson S, Sundqvist G: Influence of infection at the 
time of root filling on the outcome of endodontic treatment of teeth 
with apical periodontitis. Int Endod J 1997, 30:297-306. 

5. Ng YL, Mann V, Rahbaran S, Lewsey J, Gulabivala K: Outcome of primary 
root canal treatment: systematic review of the literature - part 1. Effects 
of study characteristics on probability of success. Int Endod J 2007, 
40:921-39. 

6. Saunders WP, Saunders EM: Prevalence of periradicular periodontitis 
associated with crowned teeth in an adult Scottish subpopulation. Br 

Dent J 1998, 185:137-40. 

7. Eriksen HM, Berset GP, Hansen BF, Bjertness E: Changes in endodontic 
status 1973-1993 among 35-year-olds in Oslo, Norway. Int Endod J 1995, 
28:129-32. 

8. Weiger R, Hitzler S, Hermle G, Lost C: Periapical status, quality of root 
canal fillings and estimated endodontic treatment needs in an urban 
German population. Endod Dent Traumatol 1997, 13:69-74. 

9. De Moor RJ, Hommez GM, De Boever JG, Delme Kl, Martens GE: Periapical 
health related to the quality of root canal treatment in a Belgian 
population. Int Endod J 2000, 33:113-20. 

10. Siqueira JF Jr, Rocas IN, Debelian GJ, Carmo FL, Paiva SS, Alves FR, 
Rosado AS: Profiling of root canal bacterial communities associated with 
chronic apical periodontitis from Brazilian and Norwegian subjects. 

J Endod 2008, 34:1457-61. 

11. Tronstad L, Asbj0rnsen K, D0ving L, Pedersen I, Eriksen HM: Influence of 
coronal restorations on the periapical health of endodontically treated 
teeth. Endod Dent Traumatol 2000, 16:218-21. 

12. Ray HA, Trope M: Periapical status of endodontically treated teeth in 
relation to the technical quality of the root filling and the coronal 
restoration. Int Endod J 1995, 28:12-8. 

13. Boucher Y, Matossian L, Rilliard F, Machtou P: Radiographic evaluation of 
the prevalence and technical quality of root canal treatment in a French 
subpopulation. Int Endod J 2002, 35:229-38. 

14. Eriksen HM, Bjertness E, Orstavik D: Prevalence and quality of endodontic 
treatment in an urban adult population in Norway. Endod Dent Traumatol 
1988, 4:122-6. 

15. Orstavik D, Kerekes K, Eriksen HM: The periapical index: a scoring system 
for radiographic assessment of apical periodontitis. Endod Dent 
Traumatol 1 986, 2:20-34. 

16. Tavares PB, Bonte E, Boukpessi T, Siqueira JF Jr, Lasfargues JJ: Prevalence of 
apical periodontitis in root canal-treated teeth from an urban French 
population: influence of the quality of root canal fillings and coronal 
restorations. J Endod 2009, 35:810-3. 

17. Altman DG: Practical statistics for medical research. 1 edition. London, UK: 
Chapman & Hall; 1991. 

18. Use of cone-beam computed tomography in endodontics Joint Position 
Statement of the American Association of Endodontists and the 
American Academy of Oral and Maxillofacial Radiology. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 201 1, 1 1 1:234-7. 

19. Lofthag-Hansen S, Huumogen S, Grondahl K, Grondahl HG: Limited cone- 
beam CT and intraoral radiography for the diagnosis of periapical 
pathology. Oral Surg Oral Med Oral Path Oral Radiol Endod 2007, 103:1 14-9. 

20. Bender IB: Factors influencing the radiographic appearance of bony 
lesions. J Endod 1982, 8:161-70. 

21 . Siqueira JF: Aetiology of the endodontic failure: why well-treated teeth 
can fail. Int Endod J 2001, 34:1-10. 

22. Ahlqwist M, Hailing A, Hollender L: Rotational panoramic radiography in 
epidemiological studies of dental health. Comparison between 
panoramic radiographs and intraoral full mouth surveys. Swed Dent J 
1986, 10:73-84. 

23. Muhammed AH, Manson-Hing LR, Ala B: A comparison of panoramic and 
intraoral radiographic surveys in evaluating a dental clinic population. 
Oral Surg Oral Med Oral Pathol 1 982, 54:1 08-1 7. 

24. Sidaravicius B, Aleksejuniene J, Eriksen HM: Endodontic treatment and 
prevalence of apical periodontitis in an adult population of Vilnius, 
Lithuania. Endod Dent Traumatol 1999, 15:210-5. 

25. Kirkevang LL, Orstavik D, Horsted-Bindslev P, Wenzel A: Periapical status 
and quality of root fillings and coronal restorations in a Danish 
population. Int Endod J 2000, 33:509-15. 

26. Dugas NN, Lawrence HP, Teplitsky PE, Pharoah MJ, Friedman S: Periapical 
health and treatment quality assessment of root-filled teeth in two 
Canadian populations. Int Endod J 2003, 3:181-92. 



Giindiiz et al. BMC Oral Health 201 1, 11:20 
http://www.biomedcentral.eom/1 472-6831/1 1 /20 



Page 6 of 6 



27. Segura-Egea JJ, Jimenez-Pinzon A, Poyato-Ferrera M, Velasco-Ortega E, Rfos- 
Santos JV: Periapical status and quality of root fillings and coronal 
restorations in an adult Spanish population. Int Endod J 2004, 37:525-30. 

28. Kabak Y, Abbott PV: Prevalence of apical periodontitis and the quality of 
endodontic treatment in an adult Belarusian population. Int Endod J 
2005, 3:238-45. 

29. Tsuneishi M, Yamamoto T, Yamanaka R, Tamaki N, Sakamoto T, Tsuji K, 
Watanabe T: Radiographic evaluation of periapical status and prevalence 
of endodontic treatment in an adult Japanese population. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 2005, 100:631-5. 

30. Sunay H, Tanalp J, Dikbas I, Bayirli G: Cross-sectional evaluation of the 
periapical status and quality of root canal treatment in a selected 
population of urban Turkish adults. Int Endod J 2007, 40:139-45. 

31. Georgopoulou MK, Spanaki-Voreadi AP, Pantazis N, Kontakiotis EG, 

Morfis AS: Periapical status and quality of root canal fillings and coronal 
restorations in a Greek population. Quintessence Int 2008, 39:e85-92. 

32. Kayahan MB, Malkondu O, Canpolat C, Kaptan F, Bayirli G, Kazazoglu E: 
Periapical health related to the type of coronal restorations and quality 
of root canal fillings in a Turkish subpopulation. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2008, 105:e58-62. 

33. Hommez GM, Coppens CR, De Moor RJ: Periapical health related to the 
quality of coronal restorations and root fillings. Int Endod J 2002, 
35:680-9. 

34. Ricucci D, Bergenholtz G: Bacterial status in root-filled teeth exposed to 
the oral environment by loss of restoration and fracture or caries-a 
histobacteriological study of treated cases. Int Endod J 2003, 36:787-802. 

35. Torabinejad M, Ung B, Kettering JD: In vitro bacterial penetration of 
coronally unsealed endodontically treated teeth. J Endod 1990, 16:566-9. 

36. Khayat A, Lee SJ, Torabinejad M: Human saliva penetration of coronally 
unsealed obturated root canals. J Endod 1993, 19:458-61. 

37. Torabinejad M, Kettering JD, McGraw JC, Cummings RR, Dwyer TG, 
Tobias TS: Factors associated with endodontic interappointment 
emergencies of teeth with necrotic pulps. J Endod 1988, 14:261-6. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1 472-683 1/1 1 /20/prepub 



doi: 1 0. 1 1 86/1 472-683 1-11-20 

Cite this article as: Gunduz et ah Cross-sectional evaluation of the 
periapical status as related to quality of root canal fillings and coronal 
restorations in a rural adult male population of Turkey. BMC Oral Health 
2011 11:20. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J •*"»■»•«• central 



